Simple sequence repeat anchored polymerase chain reaction amplification (SSR-PCR) is a genetic typing
Microsatellites, or simple sequence repeats (SSR), are DNA sequences characterized by short (2-6 nucleotides) tandemly arranged repeats with a total length not exceeding 200 bp. They are highly polymorphic (Litty & Luty 1989 , Weber & May 1989 , Tautz 1989 ) and widely distributed in the eukaryote genome, therefore generating a unique genotypic profile that permits individual identification and relationship categorization (Beckman & Weber 1992 , Goldstein et al. 1999 . Consequently, assays of microsatellite loci have rapidly become established as a powerful tool for the analysis of mating systems and population structure (Queller et al. 1993) . Microsatellites have been used for the study of the genetic structure of human populations (Santos et al. 1993 , Santos & Tyler-Smith 1996 , mammals (Ishibashi et al. 1997) , birds (Gibbs et al. 1997) , snails (Mavárez et al. 2000) , fungi (Groppe et al. 1995) , and numerous other species.
DNA amplification of microsatellites with locus nonspecific primers were first employed in studies of species differentiation in fungal strains (Meyer et al. 1993) . Such procedure, however, may produce a number of bands larger than expected, probably due to primer annealing at different positions within the repeats. Zietkiewicz et al. (1994) overcame this problem by anchoring CA-repeat primers at their 5' or 3' ends, reducing the number of possible annealing templates and increasing specificity. With this methodology the repeated regions and intervening sequences were targeted for amplification. The cited investigators named the technique SSR-PCR and obtained successful results with several species of eukaryotes, mainly with the (CA) 8 RY primer, anchored at the 3'end, under high stringency conditions. SSR-PCR has already been applied to studies on intraspecific variability of Trypanosoma cruzi, Leishmania braziliensis and Schistosoma mansoni (Oliveira et al. 1997) and to intra-and interspecific studies of snails of the genus Biomphalaria (Caldeira et al. 2001 , Campos et al. 2002 . However, a detailed characterization of the amplification targets has never been performed. Sequencing of the amplicons would be important for the exact determination of the amplified templates and the identification of microsatellite loci, without the need to generate microsatellite-enriched genomic libraries or a large number of sequences. The microsatellite loci identified in this manner could be checked for the presence of polymorphism and used for studies of population genetics, such as the dispersal processes in B. glabrata (Carvalho et al. 1998) .
The objective of the present study was to identify SSR-PCR amplification targets by sequencing the amplified genomic DNA in order to determine the molecular templates to which the oligonucleotides anneal, using B. glabrata DNA.
MATERIALS AND METHODS
DNA extraction and PCR amplification -DNA was extracted from body parts, excluding the viscera, of B. glabrata from Pernambuco, Brazil, using the phenol-chloroform method as described by Simpson et al. (1982) . SSR-PCR products were amplified using the protocol previously described by Caldeira et al. (2001) .
Cloning and sequencing of PCR products -PCR products were cloned using the pCR-II TOPO kit and transformed into electrocompetent TOP10 Escherichia coli, according to manufacturer's instructions (Invitrogen). Twenty unique amplification products were cloned and sequenced from each PCR assay with primers CAA(CT) 6 and (CA) 8 RY. Plasmid was isolated using the Quiagen plasmid miniprep kits according to the manufacturer's protocol. Sequencing was carried out using fluorescently labeled M13 reverse and forward universals primers fluorescently labelled and the Thermo Sequenase Kit (Amersham Pharmacia) in an ALF Automated Sequencer (Amersham Pharmacia). Sequences were named CT [amplified with CAA(CT) 6 ] or CA [amplified with (CA) 8 RY], using 1 through 20 for clone number and the letters F or R for forward and reverse sequencing primer, respectively.
Sequence analysis -The sequences obtained were edited using the Bioedit software (http://jwbrown. mbio.ncsu.edu/BioEdit/bioedit.html). Blast N (www. ncbi.nlm.nih.gov/blast) was used for identity search. RepeatMasker (http://ftp.genome. washington.edu/cgibin/RepeatMasker) was used to detect the presence of microsatellites, and DNA tools (http://www.crc.dk/ dnatools) was used to search for complex repetitive sequences within clones.
Southern blot -A probe was constructed from clone 7CT using the PCR DIG probe synthesis kit according to manufacturer instructions (Roche Diagnostics). B. glabrata genomic DNA (50 ng) was digested with HindIII, PvuII, XbaI and XhoI restriction enzymes (Life Technologies) and separated on 0.7% agarose gel. The digested DNA was transferred to a positively charged nylon membrane (Roche Diagnostics) by capillarity (Sambrook et al. 1989 ) and detected using the DIG Nucleic Acid Detection Kit (Roche Diagnostics) according to manufacturer's instructions.
RESULTS
PCR amplification using the CAA(CT) 6 and (CA) 8 RY primers resulted in multiple bands varying in size from 250 to 800 bp (Fig. 1) . We cloned 20 unique amplicons from each amplification reaction. No identities with the sequenced fragments were observed by BlastN analysis against the GenBank (accession number BH772738 to BH772817).
RepeatMasker analysis of the sequenced fragments identified 15 that contained simple sequence repeats elements (Table) . We observed di-, tri-, tetra-and pentanucleotide repeats that were classified as perfect (only one repetitive motif without interruptions) or imperfect (repetitive motif intercalated with non-repetitive sequences). In all of the sequences obtained only the exact number of repeats designed in the primers was observed. Complex internal repetitive elements were identified in seven sequences of the CT clones after DNA tools analysis. The 7CT clone that contained the repeat (ATGTACTCC), also observed in six other amplified fragments, was used as a probe for Southern blot analysis for the verification of the distribution of the fragment in the B. glabrata genome. Only one band was obtained when this fragment was used as a probe (Fig. 2) . Vidigal et al. (1994) and Langand et al. (1999) using AP-PCR and by Mulvey and Vrijenhoek (1982) using isoenzymes.
B. glabrata with anchored SSR-PCR, by
It was very interesting to observe that some of the clones contained another microsatellite locus between the primer annealing sites. Species that do not have many sequences deposited in GenBank may benefit from the sequencing of SSR-PCR-generated amplicons for the identification of microsatellite loci (Oliveira & Johnston 2001) . This would considerably lower the cost of constructing microsatellite-enriched genomic libraries or generating a large number of sequences for the identification of repetitive sequences (Gibbs et al. 1997 ).
In conclusion, the SSR-PCR methodology amplifies genomic fragments, but not exclusively anchored at microsatellite sequences. Therefore, the premise of this technique is not supported by this study. The results obtained by SSR-PCR should not be interpreted as the amplification of microsatellite loci, and analytical rules similar to those for RAPD or AP-PCR should be used. This methodology can also be useful for the identification of microsatellites, since there were repetitive sequences within a number of sequenced fragments. 
DISCUSSION
Inter-repeat region amplification by PCR results in different banding patterns that can be compared among individuals. Thus, SSR-anchored PCR methods have been applied to differentiate various animal and plant species (Zietkiewicz et al. 1994 , Godwin et al. 1997 ). In the current study we sequenced products generated by this methodology with the commonly used primers (CA) 8 RY and CAA(CT) 6 , in an attempt to characterize the amplified genomic regions. The results observed at the beginning or at end of the clones were expected for the (CA) 8 RY primer, since it would anneal at the 3' end of the microsatellite. However, primer CAA(CT) 6 was designed to anneal at the 5' end of the repeated sequence (Wu et al. 1994) , anchored by the CAA nucleotides. This primer should amplify complete microsatellite regions. We observed that of the 40 sequences (20 forward and 20 reverse sequences), only 11 contained microsatellite-like repeats, and only 4 contained the CT repeat. Therefore, this primer annealed primarily to sequences other than microsatellites containing CT repeats.
It appears that the SSR-PCR technique may work in a manner similar to randomly amplified polymorphic DNA (RAPD), amplifying disperse regions in the genome and not specifically microsatellites, as expected. However, as the annealing temperature is higher, the technique shows increased specificity for the template and reproducibility (Oliveira et al. 1997) . Indeed, SSR-PCR has been found to be more efficient and reliable than AP-PCR (Oliveira et al. 1997 , Gomes et al. 1998 . Yang et al. (2000) used SSR-PCR to differentiate three Metagonimus species parasitizing fish and observed that more polymorphic bands were present when anchored SSR-PCR was used compared to AP-PCR (Yu et al. 1997a ) and PCR-RFLP (Yu et al. 1997b ). Caldeira et al. (2001) , used anchored SSR-PCR to study the genetic variability of the B. straminea complex. The genetic similarity coefficients obtained by these authors were similar to those obtained by Campos et al. (2002) for 
